Objective To examine the relationship between need-based pediatric psychology service use and spending on hospital care among adolescents and young adults (AYAs) with cancer. Methods Billing data were obtained from 48 AYAs with cancer receiving need-based pediatric psychology services and a comparison cohort of 48 AYAs with cancer not receiving services. A factorial analysis of covariance examined group differences in spending for hospital care. Pending significant findings, a multivariate analysis of covariance was planned to examine the relationship between need-based pediatric psychology service use and spending for inpatient admissions, emergency department (ED) visits, and outpatient visits. Results Spending for hospital care was higher among AYAs receiving need-based pediatric psychology services than in the comparison cohort (p < .001, x 2 Partial ¼ :11). Group differences were driven by significantly higher spending for inpatient admissions and ED visits among AYAs receiving need-based pediatric psychology services. Conclusions The behavioral and psychosocial difficulties warranting need-based pediatric psychology services may predict higher health care spending.
Medical treatment for adolescents and young adults (AYAs, defined by the National Cancer Institute as individuals aged 15-39 years; Adolescent and Young Adult Oncology Progress Review Group, 2006) with cancer is complex and costly, resulting in a financial burden that can extend well past active treatment (Guy et al., 2014; Kaul et al., 2015) . In the 12 months following diagnosis, AYAs with cancer incur tens to hundreds of thousands of dollars in direct medical charges for hospitalizations, laboratory procedures, medications, and physician fees (Bloom, Knorr, & Evans, 1985; Luo et al., 2002; Rosenman, Vik, Hui, & Breitfeld, 2005) . The high costs of pediatric cancer treatment have far-reaching consequences, as their financing requires out-of-pocket payments by patients and families and spending by insurance companies and/or the federal government. Out-of-pocket patient and family spending is associated with family financial distress (Pelletier & Bona, 2015) and government spending is a significant burden to the U.S. health care system (Bloom et al., 1985) . In 2009, health care costs for pediatric cancer hospitalizations alone totaled $859.8 million (U.S.), accounting for >5% of U.S. non-newborn hospitalization costs that year (Anhang Price, Stranges, & Elixhauser, 2012) .
While the majority of health care costs incurred in the 12 months following cancer diagnosis are unavoidable and necessary, a portion of costs may result from the behavioral and psychosocial aspects of managing and coping with cancer treatment (Brown, Burgess, Li, Canter, & Bold, 2014; Friedman, Sobel, Myers, Caudill, & Benson, 1995) . Adults with cancer and a diagnosis of depression have annual health care expenditures that are 32% higher than those of adults without depression (Pan & Sambamoorthi, 2015) . In addition, adults with chronic myeloid leukemia who exhibit low adherence to chemotherapy require more inpatient visits and have health care costs that are 283% greater than those of patients with high adherence (Wu et al., 2010) . Similarly, patients with cancer who experience breakthrough pain incur five times the annual health care costs of patients without breakthrough pain (Fortner, Okon, & Portenoy, 2002) .
Behavioral health interventions that improve these outcomes may also reduce the financial burden for patients/families, insurance companies, and the government (Dieng, Cust, Kasparian, Mann, & Morton, 2016) , suggesting that pediatric psychologists may play a critical role in efforts to provide high-quality, low-cost health care (Institute for Healthcare Improvement, 2014) . In fact, the Institute for Healthcare Improvement has deemed integrated behavioral health an "essential" component of such efforts (Laderman, 2015) . Although as many as 30% of AYAs with cancer receive pediatric psychology services (Zebrack, Hamilton, & Smith, 2009 ), the economic impact of pediatric psychology services for AYAs with cancer has not yet been examined. To date, financial and economic research among AYAs with cancer has been limited to estimates of the costs associated with treatment (cost of illness studies, Guy et al., 2014; Kaul et al., 2015) or economic evaluations of medical treatment options (see Russell, Panchal, VonVille, Franzini, & Swint, 2013 for a review). The state of the literature, thus, not only prevents conclusions regarding the economic benefits of pediatric psychology services among AYAs with cancer, but also provides little direction regarding pathways through which pediatric psychology services could influence costs.
As a result, achieving the long-term goal of evaluating the economic impact of pediatric psychology services among AYAs with cancer will require several intermediate steps: (1) identification of need ("Do AYAs with cancer whose behavioral and/or psychosocial difficulties warrant need-based pediatric psychology services spend more on hospital care than AYAs who do not receive pediatric psychology services?"); (2) identification of financial targets ("What are the types of encounters [e.g., inpatient admissions, emergency department visits] that account for group differences in spending for hospital care?"); (3) identification of behavioral targets ("What are the modifiable behavioral and psychosocial variables that result in avoidable spending among AYAs with cancer?"); and (4) intervention development, implementation, and evaluation (e.g., "Does a pain management intervention for AYAs with cancer delivered by a pediatric psychologist improve coping, and as a result, reduce spending for hospital admissions for treatmentrelated pain?"; Friedman et al., 1995) . Failure to answer these questions may prevent pediatric psychologists from demonstrating how their efforts can improve behavioral and health outcomes while reducing the financial burden of cancer faced by patients/families, insurance companies, and the federal government. In addition, this gap represents a potential missed opportunity to advocate for the profession in the context of alternative payment models (Rozensky & Janicke, 2012) .
As an initial step in efforts to evaluate the economic impact of pediatric psychology services among AYAs with cancer, the purpose of this study was to explore Questions 1 and 2 posed above. To evaluate Question 1 (identification of need), spending for total hospital care by AYAs with cancer receiving need-based pediatric psychology services was compared with spending by age-, gender-, and diagnosis-matched AYAs not receiving pediatric psychology services. Because the receipt of pediatric psychology services in this sample is needbased, triggered by a referral from the patient's medical team or social worker for behavioral or psychosocial concerns, it was hypothesized that spending for hospital care would be higher among AYAs receiving need-based pediatric psychology services than spending among AYAs not receiving pediatric psychology services.
Pending significant findings, post hoc comparisons of spending by encounter type (inpatient admissions, emergency department [ED] visits, outpatient visits) were planned. If spending for inpatient admissions, ED visits, and/or outpatient visits account(s) for group differences, targeting factors that influence spending for these visit types may maximize the potential economic impact of pediatric psychology interventions (Question 2). As common psychosocial difficulties (i.e., depression, non-adherence, pain) are linked with higher ED visit and inpatient admission costs among adults with cancer, it was hypothesized that potential group differences would be attributable to differences in spending for inpatient admissions and ED visits. To facilitate future research aimed at evaluating the economic impact of pediatric psychology interventions, recommendations for exploring Questions 3 and 4 based on the results of this study are provided. Implications for pediatric psychologists providing clinical care to AYAs with cancer are also discussed.
Method
The data for this study are part of a larger retrospective observational study of spending for hospital care among patients receiving treatment for cancer at an Ohio children's hospital. All study procedures, including a waiver of consent, were approved by the hospital's institutional review board.
Participants
The National Cancer Institute defines the AYA oncology population as individuals between 15 and 39 years of age at cancer diagnosis (Adolescent and Young Adult Oncology Progress Review Group, 2006; Barr, Ferrari, Ries, Whelan, & Bleyer, 2016) . As a result of medical and psychosocial efforts to develop a program to meet the specific needs of AYA patients at our institution, AYAs now account for approximately a quarter of patients with new oncology diagnoses. This study included AYAs (aged 15-39 years) diagnosed with cancer and receiving treatment at our Ohio children's hospital between January 1, 2010 and August 18, 2014.
Eligible patients were identified via electronic medical record review. First, the electronic medical record of the children's hospital was queried to identify all patients receiving care in the Division of Oncology between 2010 and 2014. The medical charts of all resulting patients (n ¼ 2,727) were reviewed by two trained study staff to identify the patient's oncology diagnosis, date of diagnosis, date of birth, and history of pediatric psychology visits (defined as individual or family therapy [excluding neuropsychology assessments] provided by a licensed pediatric psychologist who was a member of the AYA's inter-disciplinary medical team, Figure 1 ). The initial sample of 2,727 included 374 AYAs (aged 15-39 years). Of these patients, 50 met the inclusion criteria for the pediatric psychology cohort: (1) oncology diagnosis; (2) date of oncology diagnosis between 2010 and 2014; (3) primary oncology treatment provided by our children's hospital (excluding patients seen for second opinions, etc.); and (4) ! 1 pediatric psychology visit in the year following diagnosis. An additional 156 patients met the first three inclusion criteria and thus comprised the pool of potential comparison cohort matches.
Diagnosis, age, and gender are predictors of prognosis and health care costs (Kaul et al., 2015; Rosenman et al., 2005) , and thus, were selected as matching variables. Pediatric psychology and comparison patients were first matched on diagnosis. Specifically, a pediatric psychology patient was selected and the database was searched for a comparison patient with the same diagnosis. If multiple matches were available, the patient closest in age and gender was selected. If no exact matches were available, criteria were incrementally broadened until all patients were matched (N ¼ 100). For example, if there was no match for a patient with acute myeloid leukemia, he/she could then be matched with a patient with another type of leukemia (e.g., acute lymphoblastic leukemia). Pediatric Psychology Service Our institution currently employs four full-time licensed clinical psychologists with specialized training in pediatric psychology (American Psychological Association, 2015) who provide care to patients and families (i.e., AYAs) receiving care within the Divisions of Oncology, Hematology, and/or Bone Marrow Transplantation. Patients are seen by pediatric psychologists based on need and referrals may be placed by physicians, nurses, or social workers. Common referral concerns include adjustment to illness, adherence, depression, anxiety, and pain management and are treated with a range of evidence-based interventions (i.e., cognitive-behavioral therapy, behavioral therapy, family therapy). To ensure continuity of care, patients are followed by the same psychologist throughout their treatment. As a result, pediatric psychology visits may occur in conjunction with outpatient medical appointments, during an inpatient admission, or at a separate time (outpatient pediatric psychology only visit). The number of visits with a pediatric psychologist vary across patients and are based on need, response to treatment, and patient-level factors (i.e., motivation to seek treatment). For the purposes of this manuscript, the pediatric psychology cohort included all AYAs with at least one visit with a pediatric psychologist in the year following cancer diagnosis.
Measures
Demographic and Clinical Variables. Demographic (i.e., age at diagnosis, gender, insurance) and clinical (i.e., oncology diagnosis, date of oncology diagnosis) data were extracted from electronic medical records by two trained study staff. Patients were classified into one of four diagnostic groups based on ICD-9 codes: leukemia (ICD-9 204-205), lymphoma (ICD-9 200-202), solid tumor (ICD-9 140-189), or brain tumor . Insurance type was initially coded as private, public (i.e., Medicaid, Medicare), or other (i.e., international payer) and collapsed to two categories (public vs. other) for analyses. Inter-rater percent agreement as assessed via double-coding of a random 5% of records in the larger study (n ¼ 36) was > 99%. Discrepancies were resolved via discussion and consultation with the medical record.
Primary Outcome Variable. Hospital resource utilization and the resulting patient and societal burden can be defined in terms of "costs," "charges," and/or "spending." Hospital costs represent the monetary value of the resources (i.e., time, facilities, medications) required to provide health care and are the preferred outcome variable in economic evaluations. Hospital charges are the amounts requested via billing. Spending includes the reimbursements provided to the hospital. The types of cost, charge, and spending data collected by a hospital are driven by state legislation (Catalyst for Payment Reform, 2015) . Ohio state law mandates the collection and reporting of health care service charges (prices), but does not require hospitals to collect and report cost data (Price Information List, 2012) . In the absence of cost data, spending for hospital care was selected as the primary outcome variable (instead of charges), as it reflects the burden to patients, insurance companies, and the government (via Medicare/Medicaid reimbursement).
Spending for hospital care in the year following oncology diagnosis was obtained from the billing records maintained by the children's hospital and included all payments made to the institution (i.e., out-of-pocket payments, private insurance, or Medicare/Medicaid reimbursement). Spending data were adjusted to 2015 U.S. dollars according to the Medical Care Component of the Consumer Price Index (United States Department of Labor, 2015) . The primary outcome variable, total monthly spending for the 12 months following cancer diagnosis, was then computed by summing all adjusted spending for hospital care for each patient.
Secondary Outcomes. Group differences in spending for hospital care were also examined for each of the following encounter types: inpatient admission (termed "inpatient spending"), ED visit (termed "ED spending"), and outpatient visit (termed "outpatient spending").
Analyses
All analyses were performed on a complete data set with no missing data for any analysis variable. Spending for total hospital care, inpatient admissions, ED visits, and outpatient visits were explored graphically to identify potential outliers. As health care economic data are typically positively skewed, with relatively few individuals accounting for the majority of costs, outliers were defined as participants with values > 4 standard deviations above the mean (Dierh, Yanez, Ash, Hornbrook, & Lin, 1999) . Using this criterion, three values representing two AYAs (in the pediatric psychology cohort) were classified as outliers. Review of the electronic medical record identified rare characteristics experienced by these AYAs (i.e., uncommon medication allergy requiring the use of more expensive alternative chemotherapy agents, rare surgical complications) known to require costly medical care, providing additional clinical support for their exclusion. Following removal of these participants and their comparison cohort matches, cohort matching was evaluated via comparison of oncology diagnosis, age, gender, race, and insurance between groups. Descriptive statistics were used to characterize average annual spending for total hospital care, inpatient admissions, ED visits, and outpatient care. Although total hospital spending, inpatient spending, ED spending, and outpatient spending were positively skewed (see Supplementary Figures 1-4 for histograms), data were not transformed, as the arithmetic mean is the "most informative measure for cost data" (Thompson & Barber, 2000) .
A factorial analysis of covariance (ANCOVA) was used to compare the main effect of need-based pediatric psychology service use and the interaction between need-based pediatric psychology service use and diagnosis on spending for total hospital care in the year following diagnosis (a ¼ .05) after controlling for age, diagnosis, and insurance type. Least squared means (adj M) were used to describe pediatric psychology and comparison cohort means after adjusting for the effects of covariates. Partial omega squared (x 2 Partial ), an unbiased effect size estimator appropriate for small sample sizes, was computed to estimate the proportion of variance in spending accounted for by each independent variable (Keren & Lewis, 1979) . Pending significant findings, a similar multivariate analysis of covariance (MANCOVA) was planned for inpatient, ED, and outpatient spending response variables in the year following diagnosis (Huberty & Morris, 1989) controlling for age and insurance type. In addition, follow-up procedures as described by Enders (2003) were planned to explore a significant MANCOVA (main or interaction effect). For example, a significant main effect of need-based pediatric psychology service use would be followed-up with procedures to determine the specific spending variables (inpatient, ED, and/or outpatient) on which group means differed. Follow-up procedures included three steps. First, inpatient, ED, and outpatient spending were each standardized using procedures described by Enders (2003, pp. 42-44 and Appendix) . Second, the standardized response variables were weighted by their respective standardized discriminant function coefficients and added together to form a univariate linear composite. Third, univariate ANCOVA analyses were performed on the linear composite response variable followed by post hoc pairwise comparisons (see Enders, 2003, pp. 43-49) . All analyses were supplemented with global (x 2 Partial ) and local (Cohen's d) effect size estimates. The magnitude of each effect size estimate was interpreted using conventions described by Cohen (1988) : x 2 Partial -"small" ¼ 0.01, "medium" ¼ 0.06, "large" ¼ 0.14; Cohen's d-"small" ¼ 0.20, "medium" ¼ 0.50, and "large" ¼ 0.80. The False Discovery Rate (Benjamini & Hochberg, 1995) procedure was used to control Type-1 error for all post hoc pairwise comparisons. 20.20 [4.85] ) and were primarily male (n ¼ 55, 57%). The largest portion of patients was classified as being diagnosed with a solid tumor (n ¼ 42, 44%), followed by lymphoma (n ¼ 23, 24%), a brain tumor (n ¼ 18, 19%), or leukemia (n ¼ 13, 14%). Two-thirds of patients had private insurance (n ¼ 64, 67% The interaction between need-based pediatric psychology service use and diagnostic group was not significant (p > .05). The main effects of age and insurance status were not significant (p > .05).
Results

Patients ranged in age from 15 to 35 years (M [SD] ¼
Follow-up procedures for diagnostic group main effect differences (described previously) showed the diagnostic groups differed significantly on inpatient admission costs only, 
Discussion
Results of this study suggest that the established relationship between behavioral and psychosocial difficulties and higher health care costs among adults with cancer (Fortner et al., 2002; Pan & Sambamoorthi, 2015; Wu et al., 2010 ) also extend to AYAs with cancer. Similar to a study of adult cancer survivors where a history of serious psychological distress was associated with an additional $4,431 in health care spending each year (Han et al., 2015) , AYAs receiving needbased pediatric psychology services spent more than twice as much on hospital care than comparison AYAs. Of interest, the magnitude of the relationship between need-based pediatric psychology service use cohort and spending was nearly as large as the relationship between diagnosis and spending. After controlling for the effects of covariates, including the 16% of variance explained by diagnosis, psychosocial difficulties warranting need-based pediatric psychology services accounted for 11% of the variance in total spending. This effect is considered large for economic analyses where even elaborate models rarely predict >15% of the variation in total costs (Dierh et al., 1999) .
Results provide additional support for previously published guidelines calling for routine assessment of financial burden among AYAs with cancer (Pelletier & Bona, 2015) . The increased spending for hospital care associated with psychosocial and/or behavioral difficulties warranting psychological intervention suggests that our patients may be at particular risk for financial burden. Pediatric psychologists providing clinical care to AYAs with cancer are encouraged to refer to recommendations for developing and implementing financial burden assessment and intervention procedures included in the Standards for the Psychosocial Care of Children with Cancer and their Families (Pelletier & Bona, 2015) .
Group differences in spending for total hospital care in this sample were attributable to the significantly higher levels of spending for inpatient admissions and ED visits among AYAs receiving need-based pediatric psychology services as compared with spending for inpatient admissions and ED visits among their diagnosis-, age-, and gender-matched peers not receiving pediatric psychology services. Average inpatient admission spending was a quarter-of-a-million dollars higher, and average ED visit spending was nearly a thousand dollars higher in the pediatric psychology Note. *t-value; **n ¼ 2 missing. cohort than spending in the comparison cohort. As the majority of "avoidable" health care costs in the United States (69%, $146 billion per year) are incurred as part of hospital admissions or ED visits, it is hypothesized that the behavioral and/or psychosocial difficulties warranting need-based pediatric psychology services may have resulted in "avoidable" costs, ultimately leading to higher total spending among this cohort (IMS Institute, 2013) . A critical next step, thus, is to develop an assessment strategy that differentiates between "avoidable" and "unavoidable" costs. As a detailed discussion of methods for developing such an assessment strategy is beyond the scope of this manuscript, interested readers are encouraged to refer to Brooks et al. (2014) for an example. Specific to pediatric psychologists working with AYAs with acute lymphoblastic leukemia, one example of "avoidable" costs may include those associated with an ED visit for a fever and/or infection resulting from non-adherence to antibiotic medication prescribed during a treatment phase including chemotherapy. Next, research is needed to determine the modifiable behavioral and psychosocial factors that lead to "avoidable" costs during inpatient admissions and ED visits (Question 3 in introduction). Continuing with the example above, antibiotic nonadherence may represent a modifiable predictor of the avoidable costs associated with the ED visit for fever/ infection that could be targeted by a pediatric psychologist. Medication nonadherence as well as depressive symptoms and pain are all amenable to behavioral intervention and linked to costs among adults with cancer (Brown et al., 2014; Fortner et al., 2002; Pan & Sambamoorthi, 2015; Wu et al., 2010) , and thus, may warrant consideration in future research. Randomized clinical trials or model-based economic evaluations (see McGrady, 2016 for a review) can then be used to evaluate the economic impact of interventions delivered by pediatric psychologists to target modifiable factors (Question 4). Collectively, this line of research has the potential to "assist the institutions and payers in understanding value brought by the pediatric psychology field. . . [and] . . .justify demand for resources and expansion of services" (Harris, Wagner, & Dukhovny, 2016, p. 900) .
Given the medical complexity faced by AYAs with cancer, it is unlikely that targeting psychosocial drivers of spending alone would eliminate all individual variability in spending. However, research with adults suggests that, from the perspective of the insurance company, the cost-savings resulting from psychology interventions may outweigh the additional spending required to support psychologists. Interventions among adults with cancer have resulted in cost reductions of 20-64% (Arving, Brandberg, Feldman, Johansson, & Glimelius, 2014; Simpson, Carlson, & Trew, 2001) . If pediatric psychology interventions resulted in a reduction of 20% in hospital admission and ED spending among AYAs with cancer, the resulting savings of >$120,000 per patient would likely exceed any additional expenses required to provide pediatric psychology services.
The results of this study provide the baseline understanding of spending for hospital care among AYAs receiving pediatric psychology services essential for informing future cost containment efforts, but should be interpreted in the context of several limitations. First, the retrospective observational design of this study precludes conclusions about causal relationships and we hypothesize that interventions provided by pediatric psychologists ultimately have the potential to reduce spending. Quantifying the economic impact of behavioral interventions provided by pediatric psychologists, however, will require economic evaluations of the costs and benefits of these interventions (see International Society for Pharmacoeconomics and Outcomes Research, 2016 for guidelines). Second, in the absence of a standardized measure of psychosocial functioning in our medical record, need-based pediatric psychology service use was used as a dichotomous indicator of psychosocial difficulties. It is possible that alternative definitions of psychosocial difficulties warranting need-based psychological services (e.g., precancer diagnosis psychosocial functioning, postcancer diagnosis psychosocial functioning, treatment response) would yield a different pattern of findings. Third, while the small and heterogeneous sample is inclusive of AYAs receiving pediatric psychology services at our institution, the findings may not generalize to other institutions with different patient populations, referral procedures, or insurance contracts. Similarly, the small and heterogeneous composition of the potential comparison cohort precluded exact matching on diagnosis, age, gender, and other relevant variables (i.e., insurance status, treatment intensity, and prognosis). Although the pediatric psychology cohort did not significantly differ from the comparison cohort on matching variables, and diagnosis group, age, and insurance status were included as covariates in the final model, it is possible that group differences in spending were due to additional demographic or clinical covariates (e.g., exact diagnosis vs. larger diagnostic group) not assessed in this study. Fifth, pediatric psychology service use outside our institution is not uniformly captured in our medical record and it is possible that some patients in the comparison cohort were seeing a pediatric psychologist at another institution. Finally, in the absence of cost data, spending for hospital care was used as a proxy for economic burden to patients, families, insurance companies, and the federal government (via Medicaid/Medicare). Because spending is dependent on the reimbursement contracts of a given institution, future studies including cost data are needed to produce generalizable estimates of the potential impact of pediatric psychologists on resource consumption.
AYAs receiving need-based pediatric psychology services in this sample spent half-a-million more for hospital care in the year following diagnosis than AYAs not receiving services. Group differences in this study were largely the result of more costly inpatient admissions and ED visits among AYAs warranting need-based pediatric psychology services. Higher spending by AYAs receiving need-based pediatric psychology services may be due, in part, to behavioral and psychosocial difficulties commonly targeted by our providers including medication nonadherence, pain management, and mood (Fortner et al., 2002; Pan & Sambamoorthi, 2015) . However, additional research is needed to identify the specific drivers of inpatient and ED spending among AYAs with cancer and understand how multidisciplinary medical teams including pediatric psychologists can target these factors to minimize the financial burden of oncology treatment for patients, families, and the health care system.
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